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NOVA

(NuMI Off-Axis Electron Neutrino Appearance)

A Objective: to search for evidence of muon to electron
neutrino oscillations.

A Significance: oscillations will answer such questions as
the ordering of the neutrino mass states.

A Location: slightly off the centerline of existing NuMI
beam.

AAllows for large neutrino flux that peaks at 2 GeV,
the energy where oscillations to electron neutrinos
is expected to be a maximum.

A The Recycler ring will be converted to a pre-injector to
the Main Injector.

o oo A Reduces cycle time from 2 sec to 1.33 sec
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Slip Stacking in Recycler Ring

A Six Booster batches are injected and captured by the first
RF cavity at 52.814MHz, then decelerated.

A The second RF cavity is off during the first 6 batch
injections.

A Next six batches are individually injected at 53.814MHz
and captured by the second cavity and then accelerated.

A 2 sets of batches have different frequencies and energies.

A After the 12th batch injection, both sets are aligned to
52.814MHz so they line up longitudinally [4].

A Then, beam is extracted and injected into the Main
Injector (MI).

A Now M1 will accelerate 6 booster batches with twice as

SIST, Fermilab many protons.
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Project Objective

1. To build a low
power, inexpensive
prototype for the
S2 million NOVA RF
cavities that slip
stack.

2. To measure as
many factors about I
the prototype as
possible.

SIST, Fermilab
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Coaxial A/4 Resonator RF Cavity
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Cavity Dimensions

A Center Frequency = 52.814MHz
A Gap voltage = 150kV.

A Power Available = 150kW.
AR,= 75,0000Q

AR,/ Q = 14Q; vs. 6 uXx r=ent0 6ca
A Alow Rsh/Q is desired in order to reduce beam loading
effects.
A Q=5000.
Ar< 17 inches because of | o

A r,and r, can also be calculated from:

Q=L =2 (zu,c0)"? rilnr,

where 0is the conductivity of copper. R 1+ (r2/ 1) r

A r, =13.38 inches
SIST, Fermilab A r, = 16.07 inches
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Cavity Construction

End plate with the Forks, which act
springs and make good electri ‘

SIST, Fermilab
8/5/09




SIST, Fermilab
8/5/09

Gap Dista

58

56 - >
- —
54 ' /

52

50

48

Frequency (MHz)

46
44

42

Calculated frequency:

1

Tan (BL,) = ‘R Cyap

nce vs. Frequency

=&— Measured Frequeneyrial 1
=~ Calculated Frequenc

Measured Frequeneyrial 2

3.5 4.5 5.5 6.5

Gap Distance (inches)

ARc = characteristic impedance dependent
upon ratio of In (r2 /rl)

ALr = length of inner conductor
Ab = 2° | & g



Tuner Depth vs. Frequency
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TEM vs. H_, Ring Modes

TEM (Transverse

Electromagnetic) H. ., Ring Modes
Modes
A Both B and E A Magnetic field is in a different
perpendicular to z. direction than TEM modes.
A Main mode is the |A B field has a component in the z
first one direction.

(52.814MHz), but |A Differentiated from TEM by
the other modes are| changing loop orientation.

unavoidable so we |A Usually at much higher frequenc
want to damp them.| but in this case the center
conductor is large so they appes
SIST, Fermilab at lower frequencies.
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TEM an

1] S21 Log Mag 20.00dsS Ref -180.0dE

52.955054 MHZ -88.045 ga
155, 94048 MHZ -67.936 dB

240, 91983 MHZz -58.724 dB All TEM modes to 1GHz
336, 89553 MHz -42.620 de
42787367 MHz -40. 229 dB
525. 85544 MHz -39.109 dB
6l4,. 83236 MHZz -24. 398 dB

693, 80514 MHz -28.800 dB
784, 20287 MHz -38.821 dB

Ew: 2.494755000 MH=z
c%nt: FBE3. 3553590 MH=Z

ow:  FE2.1I07SE10 MHZ
high: 784.6027360 MHz
Q314,00 ]
loss: =38.821 de
|*]

Mam TEM mode

A0 00 = Tu o da L B b

i
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Table of Modes

Record of all modes up to 530MHz

Measured frequency

Calculated frequency

Type of mode

387.04774
391.44970 387.0 <knX YlFo wAy
399.99100 422.9 o<knXI Ylo wA
430.21889 422.9 o<knXI Ylo wA
474.04628

479.44966 486.8 p<knX YIlo wA
517.61101

520.01251 513.3 <knX YI'n wAy

y 3

y 3

y 3
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Summary

A Built an inexpensive prototype for the
NOVA project.

A Measurec

A Measurec

frequency vs. gap distance
frequency vs. tuner depth

inside the cavity.
A Measured all TEM and Ring modes
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A Dianne Engram, Linda Diepholz and the
rest of the SIST committee

A My supervisor Dave Wildman, and Robyn
Madrak

A Everyone in the RF group

A My two mentors Dave Peterson and
Elmie Peoples-Evans

A Dr. James Davenport
A You for listening!
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